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TITLE 
GLASS MOLDING DIE 

BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The present invention relates to a glass molding die, 

and more specifically to a glass molding die for providing 
less surface roughness.. 
Description of the Related Art 

Glass molding dies for providing less surface 

10 roughness have been developed for many years, producing, 
for example, lifetimes of approximately 2000 cycles at 
working temperatures approximately 700 C. Monju discloses 
a passivation film of a substrate of a molding die using 
Ir-Mn-XN in JP62119128, wherein Mn can be replaced by Pt , 

15 Os, Pd, Rh, or Ru and XN can be replaced by a nitride of 
Ti, Cr, Ta, Nb, Si, B, Al, Hf, Zr, or V. Umetani et al . 
disclose a passivation film of a substrate of a molding die 
using Ir- (Re, Os) -Ta in JP62292637, wherein the content of 
Re and Os exceed 30% or 40%. Chu et al . disclose a 

20 passivation film of a substrate of a molding die using Ir- 
Re-CrN and an intermediate layer between the passivation 
film and substrate using Ir-Re-Ni alloy in TW445242, 
wherein the atomic ratio of Ir to Re is between 1 to 4 and 
4 to 1 and the concentration of CrN is between 1 and 3 0 wt% 

25 in the passivation film. When the disclosed dies execute 
more than 2,000 times at working temperatures ' of 
approximately 700 C, the passivation films thereof 
frequently peel, limiting lifetime of the die. 
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SUMMARY OF THE INVENTION 

Thus, an object of the present invention is to provide 
a glass molding die, featuring improved adhesion between 
layers thereof, thereby increasing lifetime, reducing 
5 preventive maintenance (PM) , and conserving costs. 

In order to achieve the described objects, the present 
invention provides a glass molding die having a substrate, 
a first intermediate layer of Ni -containing Ir-Re alloy 
overlying the substrate, a second intermediate layer of 

10 metal-containing Ir-Re alloy overlying the first 
intermediate layer, and a passivation film overlying the 
second intermediate layer. The Ni concentration of the 
first intermediate layer lowers gradually with distance 
from the substrate and first intermediate layer interface. 

15 The metal can be Cr, Ta, Ti, or Ti-Cr alloy, more highly 
concentrated in the second intermediate layer with distance 
from the first intermediate layer and second intermediate 
layer interface. 

Further, an optional intermediate buffer layer between 

2 0 the first intermediate layer and second intermediate layer 
can further improve the adhesion therebetween. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be more fully understood by 
reading the subsequent detailed description in conjunction 
2 5 with the examples and references made to the accompanying 
drawings , wherein : 

Fig. 1 is a cross -section of the molding die of the 
first embodiment of the present invention . 



2 



Header . : O0103037US/ 

Our ref : 0757 -A20255usf/dwwang/Kevln Revised 

Fig. 2 is a cross-section of the molding die of the 
second embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The following embodiments are intended to illustrate 
5 the invention more fully without limiting the scope of the 
claims, since numerous modifications and variations will be 
apparent to those skilled in the art. 
First Embodiment 

Fig. 1 is a cross-section of the molding die of the 

10 present invention. The structure of the molding die 
comprises a substrate 100, first intermediate layer 101, 
second intermediate layer 102, and passivation layer 103. 
The passivation layer 103 is preferably nitride containing 
Ir-Re alloy, wherein the nitride is chromium nitride, 

15 tantalum nitride, titanium nitride, or titanium chromium 
nitride. The passivation layer 103 further comprises a 
molding surface 120. 

The substrate 100 is preferably tungsten carbide, 
containing Ni . Thus, the first intermediate layer 101 

20 comprises Ni-containing Ir-Re alloy to improve adhesion 
between the substrate 100 and first intermediate layer 101. 
During formation the first intermediate layer 101, a 
surface of substrate 100 is ground and polished, followed 
by formation of a Ni-containing Ir-Re alloy layer as the 

25 first intermediate layer 101 overlying the polished surface 
of substrate 100 by, for example, co- sputtering using 
multiple targets. The first intermediate layer 101 is 
preferably about 0.1 to 0.3jam thick. The atomic ratio of 
Ir to Re in the first intermediate layer 101 is between 99 
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to 1 and 70 to 30, and preferably between 99 to 1 and 90 to 
10. The Ni concentration of the first intermediate layer 
101 lowers gradually with distance from the substrate 
100/first intermediate layer 101 interface to improve 
5 adhesion between the first intermediate layer 101 and 
subsequently described second intermediate layer 102. 

When the first intermediate layer 101 is formed by co- 
sputtering using multiple targets, the polished substrate 
100 is disposed in a chamber (not shown) , followed by 

10 providing Ir target, Re target, Ni or Ni alloy target, and 
RF power (or DC power) to each target respectively 
according to the predetermined composition of the first 
intermediate layer 101, to form the first intermediate 
layer 101 overlying substrate 100, during which RF power to 

15 Ir target and Re target is constant, and to Ni or Ni alloy 
lowered gradually to a critical value (the lowest RF power 
sufficient to emit atoms from a target according to the 
target material, approximately BOW of Ni) as the first 
intermediate layer 101 thickens. Power to Ni or Ni alloy 

20 is then cut. Thus, the minimum Ni concentration in the 
first intermediate layer 101 is between 5 and 10 at%. 
Moreover, the maximum Ni concentration in the first 
intermediate layer 101, in the substrate 100/first 
intermediate layer 101 interface is preferably between 20 

25 and 30 at%. 

Next, a second intermediate layer 102 is formed 
overlying the first intermediate layer 101 by, for example, 
co-sputtering using multiple targets. The second 

intermediate layer 102 is preferably formed immediately 

30 after the formation of the first intermediate layer 101. 
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Metal targets such as Cr, Ta, Ti, or a combination thereof 
(as the desired composition of the second intermediate 
layer 102) can be provided. When the formation of first 
intermediate layer 101 is completed, the metal targets 
5 receive the critical RF power thereof, still provided to 
the Ir target and Re target to form the second intermediate 
layer 102 . The RF power providing to the metal target 
increases gradually as the second intermediate layer 102 
thickens, until completion of the formation of the second 
10 intermediate layer 102. The second intermediate layer 102 
is preferably about 0.1 to 0,3]am thick. The atomic ratio 
of Ir to Re in the second intermediate layer 102 is between 
99 to 1 and 70 to 30, and preferably between 99 to 1 and 90 
to 10. 

15 When the second intermediate layer 102 is Cr- 

containing Ir-Re, the minimum Cr concentration thereof, of 
first intermediate layer 101/second intermediate layer 102 
interface, is at least more than 0 at%, rising gradually 
with distance therefrom to a maximum value preferably 

20 between 40 and 50 at% at the top of the second intermediate 
layer 102 (the subsequent second intermediate layer 
102/passivation film 103 interface) . Thereafter, it is 
preferred that final RF power be maintained to the Ir, Re, 
and Cr targets of the formation of the second intermediate 

25 layer 102, followed by nitrogen flow into the chamber to 
form a chromium-nitride containing Ir-Re alloy layer as a 
passivation film 103 preferably about 0.5 to 2\xm thick. 
The atomic ratio of Ir to Re in the passivation film 103 is 
between 99 to 1 and 70 to 30, and preferably between 99 to 
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1 and 90 to 10. The chromium nitride concentration in the 
passivation film 103 is preferably between 4 and 40 at%. 

When the second intermediate layer 102 is Ta- 
containing Ir-Re, the minimum Ta concentration thereof, of 
5 first intermediate layer 101/second intermediate layer 102 
interface, is at least more than 0 at%, rising gradually 
with distance therefrom to a maximum value preferably 
between 2 0 and 25 at% at the top of the second intermediate 
layer 102 (the subsequent second intermediate layer 

10 102/passivation film 103 interface) . Thereafter, it is 
preferred that final RF power be maintained to the Ir, Re, 
and Ta targets of the formation of the second intermediate 
layer 102, followed by nitrogen flow into the chamber to 
form a tantalum-nitride containing Ir-Re alloy layer as a 

15 passivation film 103 preferably about 0.5 to 2pm thick. 
The atomic ratio of Ir to Re in the passivation film 103 is 
between 99 to 1 and 70 to 30, and preferably between 99 to 
1 and 90 to 10. The tantalum nitride concentration in the 
passivation film 103 is preferably between 3 and 30 at%. 

20 When the second intermediate layer 102 is Ti- 

containing Ir-Re, the minimum Ti concentration thereof, of 
first intermediate layer 101/intermediate layer 102 
interface, is at least more than 0 at%, rising gradually 
with distance therefrom to a maximum value preferably 

25 between 20 and 25 at% at the top of the second intermediate 
layer 102 (the subsequent second intermediate layer 
102/passivation film 103 interface) . Thereafter, it is 
preferred that final RF power be maintained to the Ir, Re, 
and Ti targets of the formation of the second intermediate 

30 layer 102, followed by nitrogen flow into the chamber to 
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form a titanium-nitride containing Ir-Re alloy layer as a 
passivation film 103 preferably about 0.5 to 2ym thick. 
The atomic ratio of Ir to Re in the passivation film 103 is 
between 99 to 1 and 70 to 30, and preferably between 99 to 
5 1 and 90 to 10. The titanium nitride concentration in the 
passivation film 103 is preferably between 3 and 30 at% . 

When the second intermediate layer 102 is Ti-Cr alloy 
containing Ir-Re, the minimum Ti-Cr alloy concentration 
thereof, of first intermediate layer 101/second 

10 intermediate layer 102 interface, is at least more than 0 
at%, rising gradually with distance therefrom to a maximum 
value preferably between 3 0 and 3 8 at% at the top of the 
second intermediate layer 102 (the subsequent second 
intermediate layer 102/passivation film 103 interface) . 

15 Thereafter, it is preferred that final RF power be 
. maintained to the Ir, Re, Ti, and Cr targets of the 
formation of the second intermediate layer 102, followed by 
nitrogen flow into the chamber to form a titanium-chromium- 
nitride containing Ir-Re alloy layer as a passivation film 

20 103 preferably about 0.5 to 2]jm thick. The atomic ratio of 
Ir to Re in the passivation film 103 is between 99 to 1 and 
70 to 30, and preferably between 99 to 1 and 90 to 10. The 
titanium chromium nitride concentration in the passivation 
film 103 is preferably between 10 and 40 at%. 

25 As described, both the first intermediate layer 101 

and substrate 100 of the molding die 1 contain Ni, 
resulting in improved adhesion therebetween. The Ni 
concentration in the first intermediate layer 101 lowers 
gradually with distance from the substrate 100/first 

30 intermediate layer 101 interface to the first intermediate 
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layer 101/second intermediate layer 102 interface, and the 
Cr, Ta, Ti, or Ti-Cr alloy concentration rises gradually 
with distance from the first intermediate layer 101/second 
intermediate layer 102 interface, reducing composition 
5 difference between the first intermediate layer 101 and 
second intermediate layer 102, improving adhesion 
therebetween. Finally, when the nitride in the passivation 
film 103 is the nitride of the metal in the Ir-Re alloy of 
the second intermediate layer 102, adhesion therebetween 

10 can be also improved. Thus, lifetime of the molding die at 
working temperature of approximately 700" C in the present 
invention can increase to about 3,000 to 4,000 cycles and 
decrease the frequency of PM and process cost, thereby 
achieving the objects of the present invention. 

15 Second Embodiment 

In the first embodiment, the first intermediate layer 
101 and second intermediate layer 102 are formed by co- 
sputtering using multiple targets. The composition gap 
therebetween is lowered to improve adhesion therebetween, 

2 0 thereby achieving the objects of the present invention. 
However, in the first embodiment, composition gaps still 
exist between the first intermediate layer 101 and second 
intermediate layer 102. 

Fig. 2 is a cross -section of the molding die according 

25 to this embodiment of the present invention. The structure 
of the molding die comprises a substrate 200, first 
intermediate layer 201, intermediate buffer layer 204, 
second intermediate layer 202, and passivation layer 203. 
The passivation layer 203 is preferably nitride containing 

30 Ir-Re alloy, wherein the nitride is chromium nitride. 
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tantalum nitride, titanium nitride, or titanium chromium 
nitride. The passivation layer 203 further comprises a 
molding surface 220. 

The substrate 200 is preferably tungsten carbide, 
5 containing Ni . Thus, the first intermediate layer 201, 
equivalent to the first intermediate layer 101 of the first 
embodiment, is Ni -containing Ir-Re alloy to improve 
adhesion between the substrate 200 and first intermediate 
layer 201. Details regarding the first intermediate layer 

10 2 01 are the same those of the first intermediate layer 101 
in the first embodiment, and thus, are omitted herefrom. 

Next, an intermediate buffer layer 204 of Ir-Re alloy 
with no other metal composition is formed overlying the 
first intermediate layer 201 by co- sputtering, using the 

15 same RF power provided to Ir Re targets during formation of 
the first intermediate layer 201. The RF power is still 
constant during this formation. The atomic ratio of Ir to 
Re in the intermediate buffer layer 204 is between 99 to 1 
and 70 to 30, and preferably between 99 to 1 and 90 to 10. 

20 The intermediate buffer layer 204, preferably about 0.01 to 
0 . l]jm thick, further reduces composition gradient between 
the first intermediate layer 201 and the subsequently 
formed second intermediate layer 2 02, further improving 
adhesion therebetween . 

25 Next, a second intermediate layer 202, equivalent to 

the second intermediate layer 102 of the first embodiment, 
is formed overlying the intermediate buffer layer 204 and a 
passivation film 203, equivalent to the passivation film 
103 of the first embodiment, is formed overlying second 

30 intermediate layer 202 by, for example, co-sputtering using 
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multiple targets. Details of the second intermediate layer 
202 and passivation film 203 are the same as those of 
second intermediate layer 102 and passivation film 103 in 
the first embodiment, and thus, are omitted herefrom. 
5 Finally, an example of the formation of the molding 

die 2 of the present invention is provided. Note that the 
process parameters provided subsequently, such as RF power, 
deviation rate of RF power, sputtering time, and desired 
composition are only examples, and are not intended to 
10 limit the scope of the present invention. Those skilled in 
the art will recognize the possibility of using many 
possible process parameters, to obtain the molding die of 
the present invention . 
Example 

15 A substrate 200 of tungsten carbide was disposed in a 

chamber (not shown) , followed by formation of a first 
intermediate layer 201 of Ir-Re-Ni alloy using sputtering, 
at initial RF power of approximately 400W to the Ir target, 
lOOW to the Re target, and 2 00W to the Ni target. During 

20 formation of first intermediate layer 201, the RF power to 
the Ir and Re targets was kept constant and to the Ni 
target lowered from approximately 200W to approximately SOW 
at a rate of approximately 15W/min, and then cut, 
completing formation of the first intermediate layer 201. 

25 Thereafter, the RF power to the Ir and Re targets was kept 
constant for approximately 5 minutes to complete formation 
of intermediate buffer layer 2 04. Further, the second 
intermediate layer 202 was formed using sputtering, using 
initial RF powers of approximately 400W to the Ir target, 

30 lOOW to the Re target, and lOOW to the Cr target. During 
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formation of second intermediate layer 202, the RF power 
providing to the Ir and Re targets was kept constant and 
the RF power to the Cr target rose from approximately lOOW 
to approximately 300W at a rate of approximately 50W/min., 
5 constant for approximately 2 minutes. Finally, a 

passivation film 2 03 was formed using sputtering, under the 
same parameters as when completing the second intermediate 
layer 2 02 in a nitrogen atmosphere. After 5 minutes, the 
formation of passivation film 203 was completed, thereby 
10 finishing the formation of molding die 2 of the present 
invent ion - 

Although the present invention has been particularly 
shown and described with reference to the preferred 
specific embodiments and examples, it is anticipated that 
15 alterations and modifications thereof will no doubt become 
apparent to those skilled in the art. It is therefore 
intended that the following claims be interpreted as 
covering all such alteration and modifications as fall 
within the true spirit and scope of the present invention. 



11 



